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On the Origin of the Neogene Volcanic Series 
i.n Southwest Japan. 
Takashi MA TSUMOTO. 
Abstract: The wri ter has proposed A・C-Ndiagram for the considerations of petrogenesis ih 
volcanic rocks. Based upon the trends of AI-Ca-Na ratios of volcanic rocks represen ted on this 
diagram， it is suggested that crystallization differentiation of magmas would play secondary 
role in determining the di versi ties in volcanic rocks. 
On the other hand， Neogene volcanic series in Southwest ]apan are classified depending 
upon the tectogenetical stages and geologic provinces. In this case， each volcanic series is 
characterized by defini te rock series， the A・C-N ratios of which generally suggest that the 
diversities of rocks in the same volcanic series can not be explained by the differentiation 
of common parental magma. 
Thus， i t would be concluded that the petrographic characters of Neogene volcanic sevies 
concerned are essential1y determined by the physical and chemical condi tions， under which 
magmas are generated. 
1. Introduction 
‘ The considerations on petrogenesis of volcanic rocks seem to have been based 
essentially upon the concept of magmatic di妊erentiationof parental magmas. 
Thus， the concept of petrographic province is often considered to be a synonym 
of the concept of comagmatic province. 
In the course of his study on the Neogene volcanic activities especial1y in the 
Southwest Japan， the writer has realized that the petrogenetical considerations 
could not be made apart from tectogenesis， and that petrographic province would 
not necessarily be a synonym of comagmatic province. 
It would be true that the magmatic di妊erentiationand assimilation take 
place in one definite magma reservoir. But， this seems not to mean that the 
petrogenesis in general can be explained by the phenomena occurring in the course 
of the solidification of magmas. 
In this article， these points wil1 be discussed in the case of Neogene volcanic 
activities in the Southwest Japan from petrochemical and geotectonical view-points. 
2. Rock series and AI-Ca-Na ratio in volcanic rocks 
The writer has suggested that AI-Ca-Na ratio in igneous rocks has impor-
tant implications in consideration on the origin of rock series. His proposal of 
A・C-Ndiagram has heen based upon this suggestion (MATSUMOTO. 1957). In this 
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section， some revised discussions on this diagram wil1 be given. 
In A-C-N diagram， each apex of triangular diagram is chosen to represent Al， 
Ca and Na as 100労 inatomic ratio respectively. On this diagram， AI-Ca-Na ratios 
calculated from the bulk chemical composition of igneous are represented. In Fig. 1， 
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line E-F corresponds to the variation of AI-Ca-Na ratio in the solid solution of 
plagioclase. The point E corresponds to anorthite and F corresponds to albite 
respectively. 
As typical examples of crystal1ization di妊erentiation，the writer has selected 
the cases of the Skaergaard intrusion and the Bushveld lopolith， the representative 
points in their differentiates being plotted on this diagram (Fig. 1.). On the other 
hand， inorder to examine tentatively the course of crystalHzation differentiation from 
a dry magma， a hypothetical perental magma， A・C-Nratio of which is similar to that 
of the layered intrusions above cited， isassumed to be represented by point P on 
the system Albite-Anorthite-Diopside (Fig. 2.). On this diagram， line PQ is assumed 
as to show one of the courses 01 crystal1ization differentiation. On A・C-Ndiagram， 
this course corresponds to the curve p* Q* by recalculation (Fig. 3). 
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It is noticeable that the trend of curve P*Q* is in accordance with the trends 
represented by the di妊erentiatesin main magmatic stages of layered intrusions. 
(see Fig. 1.) 
As an extreme case of crystallization di妊erentiation，the course PR is assunied 
on the system Anorthite-Albite-Diopside， the corresponding curve on A・C-Ndiagram 
being P*R*. Course PT on the system Anorthite-Albite-Diopside represents the 
crystallization without di妊erentiation，the corresponding curve on A・C-Ndiagram 
being P*T*. 
Thus， itwould be expected that the representative points corresponding to 
differentiates from a basaltic magma should be distributed consistently in trend 
with such schematic curves as inclined toward Na-apex on A・C-Ndiagram， 
curves corresponding to magmatic di妊erentiationbeing found in hatched area on 
A・C-Ndiagram (Fig. 3)， ifthe parental magma corresponds to point P*. 
Based upon the similarity found in the distribution of representative points 
between that of di妊erentiatesin the Skaergaard intrusion and that of the tholeiitic 
rock series in Hakone-Izu Province revealed in FeO+Fe203-MgO-Na20十K20
diagram， H. KUNO has concluded that the tholeiitic rock series is derived from the 
pure crystallization di妊erentiationof tholeiitic basalt magma. If his conclusion is 
true， itwould be expected， on A-C-N diagram， that the trend of tholeiitic rock 
series should be in accordance with that of the differentiates mentioned above. 
Then， the A-C-N ratios calculated from volcanic rocks belonging to tholeiitic 
rock series (those of the Fuji Volcanic zone and of the Hawaiian Province) are 
plotted as well (Fig. 4). As clearly seen in Fig. 4， the trends of these rocks on 
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A-C-N diagram are di妊erentfrom the trend corresponding to crystallization diffe-
rentiation in main magmatic stage. 
This fact would suggest that the origin of the tholeiitic rock series can not 
be explained by the pure crystallization di妊erentiationin main magmatic stage. 
In the case of hypersthenic rock series， the representative points on A-C-N 
diagram tends to be distributed crossing the line E-F. In Fig. 5， the representa-
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Fig. 5 A-C-N ratios of hypersthenic rock series. 
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tive points of hypersthenic rock series in the Nasu Volcanic zone and Fuji Volcanic 
zone are shown. 
That the representative points are found on Al side of the line E-F means that 
these hypersthenic rock series are characterized by higher content of Al not in-
cluded in feldspars (mainly 6 fold Al?) andjor higher content of potash feldspar in 
comparison with tholeiitic rock series. 
The representative points corresponding to alkaline affinity (those of the 
Circum Japan Sea Petrograghic Province) are shovvn in Fig. 6. In this case， the 
distribution of representatives are nearly lin1ited to bounded area. The features 
of A・C-Nratios of hypersthenic and alkaline rock series revealed in Fig. 5 &Fig. 6 
would mean that the origin of these rock series is not explained by the concept 
of magmatic differentiation also. 
A definite rock series would mean the rock suit formed in a definite genetic 
system. HO¥lvever， ifthe discussions above mentioned are allowable， this genetic 
system not seems necessarily to mean a definite magma itself， in which magmatic 
、
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di妊erentiationand assimilation take place. 
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On the other hand， itis noticed that， as a whole， the petrographic characters 
in volcanic rocks depend upon their geologic setting. 
We know that， in a definite orogenic belt， the characters of magmatisms are 
distinguished among those of geosyncilinal stage， orogenic stage and post orogenic 
stage. Moreover， the fact that， roughly speaking" the rock series are distinguished 
to each other between those of continental areas and those of oceanic areas is 
noted. These facts would suggest that as the genetic system， we should choose 
definite geologic province in cosidering the genesis of definite rock suit. In this 
case， the writer considers the possibi~ity that: definite rock series indicates some 
definite conditions， under which magmas of simi1ar petrographic character are 
generated. 
3. Neogene volcan.ic activities in the Southwest Japan. 
In order to examine the possibi1ity suggested in section 2， inthe following 
sections， the writer intends to show how the petrological characters of rock suit 
depend upon their tectogenetical situations in the case of Neogene volcanisms in 
Honshu， Japan， with special references to those in the Southwest Japan. 
Honshu island is subdivided ~nto th，e two geologic provinces: the Northeast 
Japan and the Southwest Japan by the so called Fossa Magna or more particularly 
by the Itoigawa-Shizuoka tectonic line. 
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3.1 The charαcteγistics of the basemeγzt of Neogene formαtioγzs z'n the South-
ωest J~争的一一 es会eciG均 0れ the "Cγetaceous acid volca:γtiesn一一
1n tectogenetical sense， the Southwest ]apan is di妊erentfrom the Northeast 
]apan in many respects. 1n the case of Neogene， itis easily seen that the sedi-
ments and the volcanics are thickly developed in the Northeast ]apan compared 
to those in the Southwest Japan， in which the basement of Neogene crops out in 
vast areas. 
General1y speaking， itis noticed that， the Neogene crustal movement of the 
Northeast ]apan is stronger than that of the Southwest ]apan， being character-
ized by folding and faulting. On the other hand， that of the Southwest ]apan is 
mainlyc haracterized by gentle warping. 
From the data of gravity anomary and seismology (TAMAKI 1961)， itis pointed 
out that sialic crust in the Southwest ]apan is thicker than that in the Northeast 
]apan. Thus， the crust of Southwest japan would have rather cratonic character 
comparing to that of the Northeast Japan. The di妊erencesin Neogene above 
cited would be due to such di妊erencesof the nature of the crust between the 
two. 
As later pointed out， the cratonic character of the crust in the Southwest 
]apan seems to be refrected in the petrographic characters in Neogene volcanic 
rocks. Moreover， we can recognize such refrections in pre-tertiary volcanics also. 
In this connection， the so caUed "Cretaceous acid volcanics "， the distribution 
of which covers vast areas in the Southwest Japan， would have important meaning. 
The so called “Cretaceous acid volcanics" in the South west J apan consists of such 
formations as the Futomiyama group in Hokuriku， the Yadagawa in North Tajima， 
the Arima group in Harima， the Takada rhyolite and the Sakugi volcanics in Chu-
goku mountainland and the Nohi acid volcanics in Mino・Hidamountainland. These 
formations are unconformably overlain by the Miocene sediments in about al 
areas. Clastic sediments are rare or only locally intercalated in these formations， 
being characterized by gentle structure in general. 
1t is noticeable that the considerablly large part of these volcanics are com-
posed of welded tu任sindicating the eruptions on land. 
1t is remarkable that these rocks have common characters: mineralogically al 
of them have potash feldspar and petrochemically they are characterized by rather 
high ratio of K20jNa20. As represented in Fig. 7， AI-Ca-Na ratios seem to sugg-
est their semi -alkaline character. 
In the outer side of the Southwest ]apan， during ]urassic to early Neogene， 
took place the intensive tectogenesis， which is represented by the Shimanto zone. 
This zone comprizes geosynclinal thick sediments and metamorphic rocks. On the 
other hand， in the inner side， such “orogenic" movement is not known during 
J urassic to Palaeogene period. 
This would mean that the crust of the inner side was in cratonic condition 
d uring this d uration. 
The distribution of“Cretaceous acid volcanics" is limited to the inner side of 
the Southwest ]apan. As far as known to the writer， in North Tajima district， 
dykes equivalent to acid volcanics above cited are commonly intruded in the direc-
tion of N-S trend ... . oblique to the Honshu arc， which is parallel to the Shi-
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It is suggestive that acid volcanics of late Cretaceous to Palaeogene period 
are known to have vast distribution in Sikhote Alin and its adjacent areas. These 
acid volcanics seem to show remarkable simi1arity in petrographic characters with 
Hafched' are a 
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Fig. 8. 
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that of the Southwest ]apan. In this case， itis noticeable fact that these acid 
volcanics are not known in the Northeast ]apan except that found in Sado island 
and in Oga Peninsula. 
Then， the hatched area in Fig. 8 would be infered to be covered by enormous 
acid volcanics probably of late Cretaceous to Palaeogene period. This hatched 
area would correspond to thick sialic massif. 
It is noted tbat this area is rough.ly in agreement with the Cenozoic petrogra-
phic Province of alkaline rock series. 
As later refered to， the volcanisms during Miocene are different to each other 
in petrographical character between those of the Southwest Japan and those of 
the Northeast Japan. 
3 .2 Neogene geologic会γ0℃i悦cesiγz the Southwest Ja.争G札
The Neogene volcanic series in the Southwest Japan are discriminated depen-
ding upon geologic provinces and tectogenetical stages. So the Neogene geologic 
provinces must be defined at first. The geologic provinces in this article are es-
tablished after the definition given by the Cenozoic Research Group of the South-
west Japan， to which the writer belongs as one of the members. They are dis-
criminated as follows. (Fig. 9) 
1. th.e Saikai province. 
the Nankai province 
2. the Southwest Japan in narrow sense. 
the Inside province 
(the Setouchi province 
)ぃa山 Hok山
provlnce 
In these provinces， the Saikai province is remarkably di妊erentfrom the others 
in the fol1owing points: 1) prevalence of non-marine sediments containing coal 
seams in palaeogene and Neogene formations and 2) plateau basalt of olivine 
basaltic composition in Pliocene to Pleistocene (?). 
These characteristics may suggest that the crust of this province is charac-
terized by continental elements more strongly than that of the other provinces. 
But the detailed data are not yet avai1able， the considerations of igneous activities 
in this province are not made here. 
The Inside and the Nankai provinces are di妊erentto each other in the 
features of volcanic activities. However， itseems to be possible to relate their 
activities in tectogenetical stand point (table 6). 
The writer intends to synthesize Neogen volcanic activities in the Southwest 
Japan in connection with that of the San'in-Hokuriku province. 
3 . 3 The volcaγlic seγies iγz the San'iγz-Hokuγiku TγOVlγzce. 
ln comparison with the Setouchi and the Nankai provinces， this province is 
characterized by the enormous volcanics. As a whole， the sedimentary basins are 
situated extending along the Honshu arc. 
The geohistory of this province from middle Miocene to Pliocene is divided 
into four stages: initial， middle， later and post respectively. 
ln each stage， the volcanic activities with definite petrographic characters 
took place. 
、
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a) The volcanics in the i~tial stage. 
The initial stage in the San'it¥-Hokuriku province begum with the deposition 
of such nepton series as the Nirehara formation in t}Je central part of the Hokuri-
ku province (Toyama basin)， the Takayanagi formation in the western margine of 
the Hokuriku province. 
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Fig. 9. Neogene geologic Provinces in Southwest ]apan. 
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These nepton series are mainly composed of arcose sandstone and conglo-
merate. In the Nirehara formation， sometimes molluscan fossi1s are found， indi-
cating marine condition. But， in the Takayanagi formation， fossil remains except 
plant fossils are not found， probably indicating non marine condition. In the San'-
in province also， the clastic sediments correlated with the formations above cited 
are believed to be non marine. 
It is noted that these nepton series seem to have been deposited in local 
basins scaterly distributed in this province. 
Commonly these series are covered conformably by such formations as the 
Iwaine formation in the central part of the Hokuriku province， the Yoka forma-
tion in the western margine of the Hokuriku province and the Hata-Kimitani 
formations in the San'in province. These formations are mainly composed of basic 
lavas and equivalent pyroclasts intercalated sometimes by clastic sediments， in 
which marine molluscan fossi1s are often found in the case of the central part of ¥ 
the Hokuriku province. 
From these facts， itis infered that the initial stage of this province begun 
with the subsidence of the crust resulted in the birth probably of lakes zonal1y 
arranged along the Honshu arc in the San'in province and iB the western margine 
of the Hokuriku province， and that this subsidence brought about the invasion of 
sea water in the central part of 'the Hokuriku province. This depressional move-
ment would have been succeeded by the violent volcanic activies， larger part of 
which became to take place under submarine condition， as the subsidence was 
advancing. The volcanics in the initial stage are composed of basic lavas and the 
equivalent pyroclasts. Petrographically， these rocks are characterized mainly by 
tholeiitic rock series， judging from the distributions of representatives on AFM 
diagrarn (Fig. 10). 
Calc-alkalic rocks are found also in North Tajima district， which is shown by 
the presence of groundmass-hypersthene and AFM ratios. 
However， in general， such cases are subordinate in the volcanic rocks of the 
1nitial stage. 
Table 1. Chemical compositions of the rocks suit in the initial stage. 
1 . 2. 3. 4. 5. 
Si02 50.32 52.85 55.09 55.35 59.48 
AhOs 17.22 15.60 18.14 17.81 15.99 
Fe203 4.32 4.43 6.59 5.58 3.15 
FeO 5.44 4.02 2.38 3.57 2.40 
MnO 0.37 1.03 1.21 0.53 1.91 
MgO 4.55 3.22 2.89 2.33 1.47 
CaO 9.40 11.08 7.33 7.81 2.56 
Na20 4.52 ' 2.24 2.66 3.48 6.35 
K20 0.94 1.84 1.14 0.85 2.44 
Ti02 0.58 1.05 0.65 0.43 2.19 
P20O 0.49 0.18 0.46 
+H20 2.42 
0.97 1.92 ‘ 0.69 1.70 
H20 1.50 0.58 1.45 (ig. los.) (ig. los.) 
Total 100.57 99.83 100.58 100.06 100.10 
No. 1-6 represent the basic rocks of the Hata F.(M.M11kae1958〉
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Table 1 The chemical composition of the rock suit in the initial stage. 
7 . 8 . 9 . 10. 11. 12. 
Si02 52.33 53.59 57.64 54.12 59.84 59.75 
AbOs 19.40 17.07 15.00 18.69 15.65 1ふ11
Fe20S 3.10 2.22 2.12 3.17 2.28 3.52 
FeO 7.53 7.49 6.63 3.58 5.29 3.42 
MnO n.d. 0.19 0.15 n.d. 0.18 0.09 
MgO 2.41 3.48 2.56 3.81 1.91 1.91 
CaO 8.17 7.62 5.92 8.58 司 5.38 5.35 
Na20 2.88 4.ls 4.73 2.29 4.50 4.81 
K20 0.47 0.87 1.07 2.48 1.74 2.31 
Ti02 n.d. 1.32 2.01 n.d. 1.19 1.52 
P202 n.d. n.d. n.d. n.d. n.d. n.d. 
+H20 3.14 1.15 0.90 2.77 1.48 0.65 
H20 (ig.1os.) 0.68 0.88 (ig.1os.) 0.38 1.03 
Total 99.71 99.86 99.65 99.48 99.82 100.47 
No. 7-12: The basic rocks of the Iwaine F" central part of the Hokuriku province 
(T. Matsumoto 1958) 
Table 1 The chemical composition of the rock suit in the initial stage. 
13 14 15 16 17 18 19 20 
Si02 55.76 59.40 53.46 48.16 50.61 54.85 52.12 56.18 
AbOs 18.98 15.36 17.11 16.97 17.00 16.60 13.10 13.47 
Fe203 4.03 1.75 
8.10 11.41 11.58 9.61 11.54 8.92 FeO 2.03 3.08 
ノ
MnO 0.11 0.11 n.d. n.d. n.d. n.d. n.d. n.d. 
MgO 2.33 2.79 5.40 6.17 3.91 2.92 7.01 7.37 
CaO 7.40 6.83 8.26 10.04 7.48 6.27 8.25 6.44 
Na20 2.73 2.11 3.77 4.77 4.80 4.91 2.70 3.23 
K20 1.45 0.83 0.63 0.38 0.67 1.40 1.05 1.26 
TiO 0.83 0.59 0.69 1.20 1.33 0.88 0.49 0.04 
P205 n.d. n-d . n.d. n.d. n.d. n.d. n.d.， n.d. 
+H20 2.08 5.79 3.38 2.05 1.94 2.10 4.90 4.85 
-H20 1.56 1.34 (ig.1os) 1/ 1/ 1/ 1/ 1/ 
Total 99.55 100.11 100.11 100.15 99.32 99.44 101.16 99.76 
No.13-20: The basic rocks of the Yoka F. (T. Matsumoto 1961) 
Although the representative points on AFM diagram are pl10ted in the pigeoni-
tic field after H. Kuno， itis noted that， generai1y speaking， these volcanics are 
considerably high in Na20 content. Some rock species are simi1ar to spi1ite or 
mugearite in chemical composition. ln A1203-Na20十K20 diagram (proposed by 
H. KUNO)， the representative points are plotted on tholeiite field， field of high 
alumina basalt and field of alkaline affinity (after H. KUNO) separately (Fig. 11). 
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However， eaven in the case of high alkali content， olivine phenocryst are rare， 
and， ifpresent， they have coronas of monoclinic pyroxene. 
The presence of pigeonite in groundass is reported by M. MUKAE on the rock 
species ha ving high soda content of the initial stage in the San'in province. (M. 
MUKAE 1958). The same case was reported by the writer on the rock species of 
the IWAINE formation in the central part of th'e Hokuriku province (T. MATSUMO-
TO， N. IKEBE 1958) . 
Table 2. Data of spacing (A) 
no. 16 Yumoto Usugoyazawa 
3.3606 3.603 3.3165 
3.2101 3.3305 3.2013 
3.0173 3.2101 3.0130 
2.914 3.0207 2.8998 
2.5757 2.9080 2.5707 
d 
2.4596 2.9035 2.4825 
2.23'07 2.5783 2.4672 
2.1425 2.4882 2.572 
2.0473 2.4591 
2.2315 
2.2230 
2.1457 
2.1167 
2.0449 
2.0410 
-No. 16: basic lava in the Yoka F. (western margin of the Hokuliku Pfovince) 
Yumoto and Usugoyazawa : separated pigeonite after H. Kuno 
Moreover， in the western margine of the Hokuriku province (North Tajima 
district)， in spite of high soda and magnesia content， the case， in which X-ray 
diffraction pattern suggests the exsistence of pigeonitic pyroxene as shown in 
table 2， is known. Because of these facts， the rocks with high soda content in 
this stage may not be said to be of alkaline affinity. 
Recently， H. Kuno has pointed out high alumina basalt as the intermediate 
rock type having completely gradational character to tholeiite and to alkali olivine 
basalt (H. KUNO 1960). 
Then it is probable that the volcanics of the initial stage is mainly composed 
of thDleiitic rock series and bigb. alurnina basalt in spite of high soda content. 
On A-C-N diagram， the features of the distribution of representative points 
seem to indicate the intermediate character above cited， the trend of the distribu-
tionindicating that the volcanics of this stage are not composed of di妊erentiates
from common parental magma， if the discussions in the previous section is 
allowable (Fig. 12). 
〈ゐ
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Fig. 12. A-N-C ratios of Volcanics in initial Stage. 
b) The volcanics in the middle stage. 
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The nepton series in the middle stage are divided into two subdivisions: the 
lower series and upper series. The lower series are represented by such forma-
tions as the Kurosedani and the Toyooka formations in the Hokuriku province 
and by the Kawai and the Koura formations in the San'in province. 
These Iower formations are often intercalated by acid volcanic mass and the 
equivalent pyroclasts. On the other hand， upper nepton series represented by 
such formations as the Higashibesho and the Muraoka formations in the Hokuriku 
province and by the Kuri and the Furue formations in the San'in province are 
rare in pyroclasts. 
Generally speaking， the lower nepton series are characteristic of coarse sedi-
ments: sandstone and conglomerate. And in the lowe part of these series， the 
non marine sediments are dominated especial1y in the San'in province (the Kawai， 
Koura) and in the western margine of the Hokuril王uprovince (the Toyooka). 
Common species of fossi1 remains in the lower part of these series are as 
follows: Vz'carya， Vicaryella， Miogy'ρsina， Operculina， Myrica， Liquidamba and 
Metasequoia. 
The simi1arities in lithofacies and fossil remains may support to correlate the 
formations above cited to each otr er. 
It is noted that the nepton series in middle stage are often disconformably 
underlain by the volcanic series in the initial stage. Such discoformable relations 
are seen in the San'in province and in the western margine of the Hokuriku 
province (North Tajima district). In the central and in the eastern part of the 
、
• 
64 Takashi MATSUMOTO 
Hokuriku province (Toyama basin) the relation is conformable， but the boulders 
derived from the lower volcanic series (the Iwaine) are intercalated commonly in 
the Kurosedani formation， showing local discordances. 
At any rate， these intermittence of sedimentation would mean that the re. 
vised depression was overlapped on the uplifted areas， where the initial depression 
and volcanisms had taken place. 
As an example， this relationship is represented in the relation between the 
Yabu subgrup and the Kinosaki subgroup in the western margine of the Hokuriku 
province (north Tajima district)， as shown in Fig. 13 (following p. 79). 
In tectogenetical sense， the middle stage would have distinguished meaning 
from that of the initial stage as later refered to. 
The volcanics intercalated in the lower nepton series are mainly composed of 
Table 3. The chemical composition of the rock suit in the middle stage. 
エ 2 3 4 5 6 
Si02 64.98 70.14 74.69 74.94 71.25 70.60 
AbOs 14.88 16.36 13.11 11.02 12.91 11.50 
Fe20S 1.88 1.67 0.85 1.10 0.77 0.59 
FeO 2.15 0.32 0.49 0.83 1.08 0.62 
MnO 1.68 0.63 n.d. 0.04 
MgO 0.93 0.09 0.12 0.32 0.13 0.10 
CaO 5.42 1.36 0.06 2.20 1.84 1.00 
Na20 4.21 6.14 4.01 5.76 3.24 4.10 
K20 0.94 1.05 4.12 1.11 3.86 1.71 
Ti02 1.83 0.84 n.d. 0.09 
P205 0.45 0.19 n.d. n.d. 
+H20 0.58 2.79 1.95 0.83 
4.48 7.49 
-H20 0.40 2.30 (ig.los.) (グ〉 (11 ) (グ〉
Total 99.93 99.82 99.40 99.77 100.24 100.20 
No. 1-4: The acid rocks in the Kawai F. San in province (M. MUKAE 1958) 
No. 5-6: 1/ in the Toyooka F.， Hokuriku province (T. MATSUMOTO 
1958，1961) 
acid to intermediate rock species: soda rhyolite， pitchstone and hornblende bear-
ing dacite， al of which belong to hypersthenic rock series after H. KUNO. The 
writer has pointed out that the representative points of calk-alkalic rock series 
tend to be distributed in the field of Al side by the line EF on A-C-N diagram. 
As revealed in Fin. 14， this tendency is recognized in this case. 
If the middle stage has the di妊erenttectogenetical meaning from the initial 
stage， then such volcanics can hardly be explained to be derived from the common 
parental magm.a with the initial stage by pure di妊erentiationor by assimilation. 
This seems to be revealed by the trend of representatives on A-C-N diagram， 
which is clearly di妊erentfrom that of tholeiitic rock series. Moreover， this trend 
suggests that these rocks of the middle stage can not be the products of magma. 
tic di妊erentiationfrom a definite basaltic magma generated in the middle stage. 
c) The volcanics of the later stage. (late Miocene to early Pliocene.) 
The nepton series in this stage are represented by such formations as the 
‘， 
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Otokawa formation and the Teragi proup in the Hokuriku province， the Omori 
formation and the Fujina formations in七heSan'in province. As already mentio・
ned， the sedimentary formations in the middle stage have similar feature in li-
thological sense through the San'in-Hokuriku province. 
On the contrary， the nepton series in this stage are variable remarkably in 
thickness and in lithofacies. The uncoformable or disconformable relations to the 
lower formations representing the middle stage are common. 
As an example， the structural relation between the Teragi group and the 
lower formations (the Kinosaki， the Yabu) in North Tajima district is illustrated 
in Fig. 13. 
It is remarkable that the Teragi group is situated discordantly to the main 
structural trend of the lower formations， and the intrusive masses ecuivalent to 
the volcanics intercalated in the Teragi group are always intruded along the 
fissures of N-S trend， which is oblique to the main structural direction in the 
initial and in the middle stages. 
In the central part of the Hokuriku province， the local disconformity at the 
base of the Otokawa formation， and the uplift of Noto Peninsulr in this stage are 
known. 
In the San'in province， in its southern area， the distinct disconformity is 
known at the base of the Omori formation. On the other hand， in its northern 
area， the formations of middle stage (the Koura) and that of tte later stage (the 
Furue) are in conformable relation. 
、
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These facts may suggest that the sedimentary basins in the San'in-Hokuriku 
province were under tectonic deformation resulting in the their splitting into 
uplifted areas and depressional areas. 
In general， the axis of this deformation seems to be concordant to the general 
structural trend in the initial and in the middle stage， which is parallel to the 
Honshu arc. But it is noticed that the strutural trend oblique tQ such general 
trend began to appear as revealed in the case of North Tajima. 
The volcanic activities iB tnis stage are remarkable， as indicated by the Omori 
volcanics in the San'in province and by the andesite and rhyolite in the Hokuriku 
province (the Takayama rholite， the Terada vo~canics). These volcanic activities 
would have taken place corresponding to the crustal deformation. 
Table 4 The chemical composi tions of the rock sui t in the later stage. 
1 2 3 4 5 6 7 
Si02 50.00 58.51 59.41 65.25 65.65 68.26 71.32 
Ah03 14.73 16.11 15.69 12.88 11.75 12.40 14.66 
Fe203 5.20 1.85 2.99 5.87 5.68 2.97 2.37 
FeO 7.49 5.01 4..72 2.88 2.75 3.02 0.12 
MnO 0.24 0.21 0.35 
MgO 4.31 2.98 3.17 4.64 1.33 3.40 0.12 
CaO 10.06 8.51 7.50 1.56 4.71 1.03 0.73 
Na20 1.71 1.94 2.06 2.46 3.1'0 2.93 6.04 
K20 2.02 1.75 0.93 1.91 1.60 2.27 1.08 
Ti02 0.41 0.77 0.94 0.59 1.05 1.30 
P205 
+H20 0.70 0.29 0.81 0.56 0.71 0.88 3.28 
-H20 2.53 1.49 1.03 0.82 1.19 0.57 
Total 99.16 99.45 99.25 99.42 99.73 99.38 99.72 
No. 1-7~ : Andesite， rhyolite in the Omori F， San' in Province (M. Mukae 1958) 
Table 4. The chemical compositions of the rock suit in the later stage. 
8 9' 10 11 12 18 
Si02 53.38 70.60 49.05 50.84 53.09 63.74 
Ah03 19.92 11.50 18.43 18.77 16.50 16.68 
Fe203 0.88 0.59 4.58 10.92 8.72 4.29 
FeO 5.55 0.62 4.92 
MnO n.d. 4・ 0.04 n.d. 
ノ
n.d. n.d. n.d. 
MgQ 4.90， 0.10 7.02 4.46 4..77 1.89 
CaO 8.66 1.00 7.71 6.14 10.73 5.07 
Na20 2.16 4.10 3.09 4.84 2.52 5.17 
K20 2.61 1.71 0.41 0.51 0.47 1.11 
Ti02 n.d. 0.09 1.00 1.38 0.66 
P2U5 n.d. n.d. n.d. n.d. n.d. n.d. 
+H20 1.88 7.45 4.37 1.63 2.57 1.34 
-H2() (ig.lω.) 2.30 (ig.loss) 
Total 99.94 100.20 100.91 99.31 100.02 99.82 
No. 8-13: Andesite & rnyoIite in the Hokuriku province. (T. Matsumoto 1961) 
ー
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It is interesting that the volcanic rocks in this stage are mainly composed of 
hypersthenic rock series.Andesitic rocks of this stage are commonly classiaed 
as Vd-type after H.KUNO's classiacation，the representative points on AFM 
diagram being plotted in the aeld of hypersthenic rock series after H.KUNO 
(Fig. 15). 
F e 203 :t-F e 0 
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Fig. 15. A F M ratios of volcanics 
; n the later stage (San' ir
Mg.O 
On A・C-Ndiagram， the representative points are distributed crossing the line 
E-F， this trend being distinguished from those of the initial and middle stages. 
It is noted that acid rocks in this stage are higher in Al/Ca+ Na than those in 
the middle stage， as revealed on A -C-N diagram (Fig. 16). 
d) The volcanics in. the post stage. (late Pliocene to Recent) 
The nepton series in this stage are mainly represented by the Himi group in 
the Hokuriku province and the Matsue formation in the San'in province. These 
strata are characterized by the “Omma-Manganjian Molluscan fauna ". ln this 
stage， the structural patterns， which have oblique trend to the Honshu arc， 
became to prevail. 
This is contrasted with the f act that the structural patterns in the preceed-
ing stages are generally concordant with the Honshu arc. 
The volcanic activities in' this stage are characterized by alkaline affiinity， 
especially in the San'in province， as indicated by olivine basalt intercalated in 
the upper horizon of the Matsue formation， alkaline rocks in Oki island and 
、
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Fig. 16. A-C-N ratios of volcanics in the late stage (San'in-Hokuriku 
ProvinceJ solid circle: andesite， open circle: rhyolite-andesite. 
olivine basalt in adjacent areas. These facts indicate the birth of Circum ]apan 
Sea Petrographic province in the post stage. 
In the Hokuriku province also， olivine dore1ite probably of Pliocene is report-
ed by S. ISIDDA in Noto Penin sula. Further， the volcanics of alkaline affinity 
probably of Pleistocene-Recent are often found in the western margine of the 
Hokuriku province (Kannabe olivine basalt， Genbudo olivine basalt and the equiva-
cones) as wel1 as in the San'in province. 
That the volcanic activitities of alkaline affinity are inherited from Pliocene 
to Recent would suggest that the similar tectonic condition prevailed in this dura-
tion. 1 tstectogenetical meaning will be considered in the next section. 
3 . 4 Note on the volcαγz.c activziz'es in the Setouchi and the Nankai会γ0℃i'YLees-
a) Sanukitoid and related rocks. 
The Setouchi province is characterized by its quasi-cratonic character of the 
basement. The Cenozoic nepton series in this province are deposited in narrow 
sedimentary basins scatterly distributed. 
The nept0n series are divided into that of Miocene series (the first Setotachi 
series) and that of Pliocene-Pleistocene series (the second Setouchi series). The 
two nepton series are in unconformable relation. In this case， the first Setouchi 
series are rich in fossil remains common to those found in the lower nepton series 
in the middle stage of the San'in-Hokuriku province: Vicarya， Vicaryella， Miogyρ-
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sina etc. Thus， roughly to say， the first Setouchi series may have formed in the 
duration of the earlier time of the middle stage. It is noticed that the first 
Setouchi series are often intercalated by the pyroclastic sediments. In general， 
these pyroclasts are derived from rhyolitic or dacitic eruptions. 
It is most provable that in the Setuchi province aIso， the acid or intermediate 
volcanic activities took place simultaneously with those in the San'in-Hokuriku 
provlnce. 
On the other hand， in the southern margine of this province， the Setouchi 
volcanic series are zonally arranged along the Median Tectonic Line of Southwest 
Japan， the basement of which is commonly the Ryoke metamorphic complex. lt 
may be probable that this series is born in the duration of the middle stage as 
later referred to， although the direct relation with the first Setouchi series is not 
known. 
The Setouchi volcanic series is well known for its unique rock association 
(sanukite and garnet bearing andesite)， especial1y typical in the Nijyo volcanic 
area. On A-C-N diagram， its unique character is clearly revealed， although on 
AFM diagram， the trend of the distribution of the representative points is com-
pletely in accordance with that of the average calc-alkali rock series. 
From the A-C-N ratio， itseems to be appearent that these rocks are high iロ
Al content (Fig. 17). 
b) The Muroo acid volcanics and the Kumano acid volcanics. 
The unconformity between the first Setouchi series and the second Setouchi 
series would mean that the tectonic deformation took place in this interruption of 
C 
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Fig. 17. 
A.-C-N ratios of volcanics 
in Setouchi Provi nce 
solid circle: Nijo voJcanics. 
op8n circle : M uroo volcan ics. 
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sedimentation. 
The second Setouchi series may be correlated with the nepton series and 
volcanic series of the post stage in the San'in-Hokuriku province. 
The Muroo volcanics is mainly constructed by welded tu妊 ofenormuos a-
mount， which suggests that its eruption took place on land. Stratigraphically， 
this volcanics is unconformably underlain by the first Setouchi series and overlain 
unconformably by second Setouchi series. 
Petrographically， itis composed of anorthoclase bearing rhyolite， the A-C-N ratio 
of which is di妊erentfrom that of the sanukitoid and its related rocks. As 
already pointed out， in the acid rocks of the later stage in the San'in-Hokuriku 
province， potash rhyolite is often found (Takayama rhyolite etc.). lt is suggestive 
that the petrochemical characters of the Muroo volcanics are simi1ar to that of 
the Takayama rhyolite as revealed on A-C-N diagam (Fig. 17). 
Then， the writer infers that the Muroo volcanics was erupted in correspon-
dence with the volcanic activities of the later stage in the San'in-Hokuriku pro・
vlnce. 
ln the Nankai province， the Miocene sediments are intruded by the Kumano 
acid rocks， which include abundant welded tu妊s. These acid rocks are charac-
terized by the presence of anorthoclase， being simi1ar wit:h th，e Muroo volcanics 
in petrographical sense. 
From these facts， the writer believes that the Kumano acid rocks are corre・
.ーlated to the Muroo volcanics in the Setouchi province. 
c) Note on the volcanic rocks of alkaline affinity. 
1n the Setouchi province， volcanic cones of dykes of olivine basaltic composi-
tion are scatterly distributed. These volcanics are dated to be of Pliocence or 
Plio・Pleistoceneage. They may be correlated to the alkali rocks in the post stage 
of the San'in-Hokuriku province. 
lt is important that olivine basalt magma was erupted not only in the San'in-
Hokuriku province but in the 'Setouchi province al'So independently upon the di妊e-
rence in geologic province， which is not the case in the preceeding stages. 
1t was reported by K. HuzrTA and T. KASAMA that the fault systems activated 
in Pliocene and Plio-Pleistocene in the Setouchi province have dominantly such 
strike as extending along N-S trend. 
This trend in the structural pattern is charecteristic of the post stage in the 
San'in-Hokuriku province. 
Thus， since Pliocene age， the strucural patterns of N-S trend would prevai1~ 
whol1y in the Southwest Japan. 
The fact that the olivine basalts are transversely distributed from the San'in-
Hokuriku province to the Setouchi province w0uld suggest that the volcanic ac-
tivities of alkaline affinity took place in relation with the activations of the 
structural patterns of N-S trend. 
5. Summary on the tectogen.esis and the igneous activities in 
the Neogene Southwest Japan. 
Summari1y speaking， in the San'in-Hokuriku province， the nepton and the vol・
canic series formed durig Miocene probably to early Pliocene are divided into 
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three series: first， second and third series. The first series mainly consists 
of volcanic materials (the 1 waine， the Yoka and the Hata) ， indicating the initial 
stage. The writer calls this series as the first volcanic series. 
The second series mainly consists of clastic sediments interposeu by acid to 
intermediate volcanics in its lower part， indicating the middle stage. The writer 
calls this acid volcanics as the second volcanic series. The third series consists 
of volcanics of calk-alkaHne a伍nityand clastic sediments， indicating the later 
stage. This volcanics will be called as the third volanic series. 
1n this section， tectogetical meaning of each stage will be suggested. 1t is 
important in tectogenetical sense that the first series and the second series are 
separated to each other by disc:onformity or discordance. 1n this intermittence， 
the areas occupied by the first volcanic series must have been eroded. 
The thickness of the second series does not correspond to the thickness of 
the underlying first series. Eaven when the first volcanic series is thickly develo・
ped， the overlying second series is not necessarily developed thickly as in the case 
of the western margine of the Hokuri province. In this case， the second series 
is represented by the second volcanic series only， although the thickness of the 
first volcanic series nearly overcome 500m. 
Moreover， itis noted that， in general， the n1aximum thickness of the second 
serie rarely overcomes 700m士.
These facts may suggest the that second series represents another basin-for-
mation distinguished from that represented by the first series， and the San'in-
Horuriku province can hardly be explained by the concept of eugeosyncline. The 
absense of metamorphic zone in this province may support this suggestion. 
1n this connection， itis noted the， during Cenozoic era， the most fundamental 
processes in the Peri-Pacific region is the structural development of island arcs， 
one of which is Japan island arc. 
1t would be reasonable to cnosider the meaning of each tectogenetical stage 
in relation with the development of ]apan island arc. 
It is suggested that the deep reached zone of creep and or rapture in the 
Peri-Pacific area would cause the island arcs and fore-deep by many authors. 
If this suggestion is acceptable， itwould be expected that， inside of island 
arc， the secondary zones of creep andjor rapture should be resulted from the 
main rapture zone above cited. 
These secondary zones would be revealed as the basin-formation， faulting and 
volcanisms. Thus， the writer assumes that the San'in-Hokuriku province， the 
Setouchi province and the Nankai province correspond to these secondary rapture 
zones. The tectogenesis in Neogene Southwest Japan would have been determin-
ed by the mutual relations of these rapturing in space and time. 
It is probable that the initial stage in the San'in-Hokuriku province represents 
the first step of rapture. The second step of rapture would arize in the Setouchi 
province as well as in the San'in-Hokuriku province. This step indicates the 
middle stage. In this sense， the middle stage corresponds to the birth of the 
Neogene Setouchi province. At the same time， in the San'in-Hokuriku province， 
the second step of rapture arized overlapping on the zone made by the first step-
rapturing. The situation of these rapture zones are illustrated tentatively by 
Fig. 18. 
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In the San'in-Hokuriku province， the second volcanic 
through the fracture systems in the second step， and the 
pected in the Setouchi and in the Nankai provinces as well. 
ln. the Nankai province， the Osuzuyama acid rocks in the Miyazaki group 
would correspond to this eruption. From the same reasoning， and by the fact 
that sanukitoid and its related rocks are unconformably overlain by the acid 
rocks correlated with the Muroo volcanics， the writer has infered that the Seto・
uchi volcanic series should be erupted in the duration of the middle stage. 
In the duration of the initial and the middle stage， the structural patterns in 
the Southwest Japan are concordant with the trend of the Hoshu arc. 
The structural patterns in the later stage is generally concordant with the 
trend of the Honshu arc also. Neverthless， it is recalled for that the trend 
oblique to the HOHShu arc is found in the western margine of the Hokuriku pro-
vince， as has been cited. 
Thus， i，七 maybe probable 
series may be erupted 
eruptions may be ex-
Schematized figure showing rapture zones in Southwest Japan. Fig. 18 
ln systems， rapture two the stage， this ln that， 
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which the one is concordant with the trend of the Honshu arc and the other is 
with that of the Ryukyu arc， wre coupled. In relation to this suggestion， acid 
rocks in the Nankai province is noted. 
According to A. MIZUNO， although the structural patterns in the Nankai pro-
vince is essential1y in agreement with the trend of the Honshu arc， the axes of 
warping parallel to the Ryukyu arc are coupled with the essential trend above 
cited. According to him" this coupling has taken place already in early Miocene. 
On the other hand， the igneous activities in the Nankai province are charac-
terized by acid rocks (Osuzuyama acid rock in the mindle stage， the Kumano acid 
rocks in the later stage). In this case， itis noted that these acid rocks are asso・
ciated with the plutonic phase. 
Petrographically， these rocks are always high in Al/Na+ Ca ratio. In the 
inside province， the activities of acid rocks， which are higher in AljNa+ Ca ratio， 
took p，laee in the later stage， as have been cited. In the Inside province， the 
plutonic masses with such characteristics as above cited are found only in the 
later stage. The Omogo granitic mass in the Setouchi province is one of the case. 
Thus it might be probable that the coupling of the two rapture systems 
favours the intrusion of these acid rocks. 
The， post stage is distinguished from the preceeding stages in that the 
structural patterns oblique to the Honshu arc prevails in genera1. And this would 
mean that the tectonic movements along the Ryukyu arc became active in stead 
of those along the Honshu arc， and the secondary rapture systems resulted from 
these movements are revealed in the structural patterns oblique to the Honshu 
a]}c. 
Olivine basalts would be erupted through these rapture systems. 
It is natural that their distribution covers both the two provinces: the San'in-
Hokuriku and the Setouchi. (Fig. 19) 
In Plio-Pleistocene period， the eruptions of calk-alkali rocks took place in the 
Southwest Japan as shown by the Daisen volcanic series， the representatives of 
Fig. 19. The Distr i bufion of 
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which are found not only in the San'in-Hokuriku province but in the Setouchi 
province also. 
This series seems to form ruled by the tectonic patterns paralled to the Ryu-
kyu arc. But the detai!ed discussions are not refered to here. In table 5， the 
tectogenetical development and igneous activities in the Southwest Japan are 
synthesized. 
Table 5. Synthesis of the Cenozoic Voloanic Series in Southwest Japan. 
Hokuω-San' in province Setouchi Province. Nankai Province 
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3rd volcanic series (calc 
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rhyolite) 
M uroo acid volcanics 
(potash rhyolite)， 
Omogo acid rocks. 
Kumano acid rocks. 
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五Imiddle 2nd volcanic series (calc 
stage alkalic: soda r hyoli te， 
horn b lende andesi te) 
Setouchi volcanic series 
1st volcanic series (thole-
iite， high alumina basalt) 
Cretaceous acid rocks. 
6. Correlative remarks with the Neogen.e of Northeast Japa:n. 
， 
The Neogene geohistory in the Northeast Japan has been studied by many 
authors. Recently， Y. FUJITA proposed the synthetic review on the geohistory in 
the Neogene Northeast Japan. According to him， the tectogenetical stages found 
in the Southwest Japan seems to be revealed in the Northeast Japan also. Table 
6 shows this relations. 
Especially， itis noted that rhyolite and dacite are intercalated in the Daijima-
Nishikurosawa formation. Among these acid rocks often found are so-called plagi-
oliparite and pitchstone， petrographic characters of which resemble to that of acid 
rocks in the second volcanic series in the San'in-Hokuriku province. 
On the other hand， the sedimentary formations correlated with the Daijima-
Nishikurogawa formation are known to be distributed widely in the Northeast 
Japan. These formations， comprIJze C0mmon species of fossil ;remains: 1¥勾，ogiPsina
oρerculina， Vz.carya， Vicaryella and plant fossils of Daijima flora. These fossil 
remains are characteristic of the second series and the first Setouchi series in the 
• 
75 
Southwest Japan 
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Comparison of igneons activities and tectonic deformations between Northeast 
Japan and Sowthwest Japan. 
Northeast J apan 
(Synthesis after Y. Huzita simplified by the writer) 
Table 6. 
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Southwest Japan also. 
In palaeogeographical sense， the middle 
the maximum transgression in the Honshu 
bable that the second step of rapture 
and acid rocks were erupted by these rapture systems. 
The basic rocks in the Sugoroku stage are generally su妊eredfrom secondary 
alterations (so called propylitizations). Thus， it is difficult to determine their 
petrographic characters of original rocks. But by a few available examples of 
chemical and mineralogical data， tholeiitic basalts are often found in this stage. 
S. KONDA has reported the enormous activities of tholeiitic rock series (mainly 
intrusive masses) characterizes the transitional stage between the Daijima-Nishi-
kurogawa and the Sugoroku. Thus， the first volcanic series in the San'in-Hokuri-
ku province would be correlated to such basic igneous activities. 
However， the remarkable differences between the Southwest 
Northeast Japan are found in the activities of these basic rocks. 
The first point of difference is that these basic rocks in the Northeast Japan 
normal tholeiite. As has been cited， in the Southwest Japan， the first volca-
series is characterized by high alumina basalt and tholeiite rich in soda con-
of stage would represent the time 
In tectogenetical sense， itis pro-
revealed in the Northeast Japan also， 
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and the Japan 
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The second point is that the basic igneous activities characterized by tholeiite 
are suceeded to the Funakawa stage correlated with the later stage in the Sou-
thwest Japan， which is not the case in the Southwest Japan. As has been dis-
cussed in section 3， the simatic layer in the Northeast Japan would be shallower 
in depth than that in the Southwest Japan. This would be one of the reasons to 
favour the generation of tholeiitic magmas. 
Acid volcanisms especially characterizing back bone range in the Northeast 
Japan would belong mainly to the Kitaura stage， and this activities being 
correlated to the acid igneous activities of the later stage in the Southwest Japan. 
M. Omori has pointed that the tectonic patterns of NW -SE trend became active in 
coupling with that of NNE-SSW trend (the trend of the Honshu arc) in this 
stage. Th us， the tectonic conditions， under which the acid igneous activities arized， 
may be simi1ar between the Northeast Japan and the Southwest Japan during 
late Miocene to early Pliocene. 
The volcanic activities of alkaline affinity correlated to those of the post stage 
in the Southwest Japan are rarely known in the Northeast Japan. This fact 
would be resulted from that the simatic layer， in which basaltic magmas are 
generated is shallower in depth in the Northeast J apan. 
This conclusion is in agreement with the suggestion given by H. KUNO that 
high pressure favours the generation of olivine basaltic magma. 
7. Summary 
In the preceeding sections， ithas been shown that the Neogene volcanic 
series in the Honsh u arc are classified according to the tectogenetical stages. 
In this case， each volcanic series is characterized by definite rock series. 
The features in A-C-N ratio of each volcanic series， as a whole， suggest that the 
volcanic rocks， which belong to the same volcanic series， do not represent the 
differentiate from a common parental magma. 
In this way， itmay be concluded that the origin of the diversities in igneous 
rocks depends fundamentarily upon physical and chemical conditions， under which 
magmas are generated. The phenomena occurring in the course of soHdification 
of a generated magma would play only secondary role for petrogenesis. 
In other words， itseems most important， in order to make clear the petro・
genesis， to know the processes of evolution of definite petrographic province， to 
which the rock suit in problem belongs. 
This evolution would be determined essentially by the tectogenetical develop-
ment in the deep crust andjor upper mantle. 
The mechanism to generate magmas is one of the most di伍cultproblems 
beyond the scope of this article. 
However， the conditions， under which primary rnagmas are formed would be 
assumed by simple thermodynamical considerations， which will， be described in 
another paper. 
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